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IMAGE PROCESSING METHOD, AN IMAGE
PROCESSING DEVICE AND A BONDING
APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an 1mage processing
method, an 1mage processing device and a bonding appara-
tus that includes such an 1mage processing device; and more
particularly the present mvention relates to a method and
device that detects the position of an object of detection by
way of performing pattern matching of the object of detec-
tion and a reference 1mage.

2. Prior Art

In 1mage processing techniques, a pattern matching 1s
widely used. The pattern matching generally uses a portion
of a reference image (constituting a known image) as a
template 1mage 1n order to detect the position of an object of
detection by detecting the position of this known image
contained 1n the image of the object of detection.

A position detection method that uses such pattern match-
ing will be described below with reference to a wire bonding
apparatus, which 1s a semiconductor assembly apparatus, as
an example.

In a wire bonding apparatus, wires, typically metal wires,
are bonded so that bonding pads consisting of, for instance,
aluminum on the surfaces of semiconductor chips are con-
nected to leads consisting of conductors that are formed so
that the leads surround the semiconductor chips. Prior to this
bonding operation, the bonding points, which are the points
where bonding 1s performed, are calculated using pattern
matching.

In pattern matching, as shown in FIG. 8, respective
alignment points 32a which are reference points used for
positioning are first registered. In a wire bonding apparatus
of the type shown 1n FIG. 1 in which a camera that is
fastened to an XY table via a bonding head and a camera arm
1s moved 1n the horizontal direction relative to a semicon-
ductor chip by the operation of the XY table, such alignment
points are registered 1n the following manner: the visual field
1s moved by moving the XY table 1 to which the camera 7
1s fastened via the bonding head 2 and camera arm 6 while
an 1mage from the camera 7 that has 1imaged the semicon-
ductor chip 14a 1s displayed on the display screen of a
monitor 39; and the center point 32a of the cross mark 32
that indicate the center of the visual field displayed on the
display screen of the monitor 39 1s aligned with an arbitrary
point on the semiconductor chip 14a; and then an input
operation 1nvolving the pressing of the mput switch of a
manual mput means 33, etc., 1s performed; and finally, a
region that 1s surrounded by rectangular reticle mark 42 and
1s centered on the center point 324 1s stored 1n a data memory
36 as a template 1mage, and the coordinates on the XY table
1 1n this case are also stored 1n the data memory 36 as
alignment points.

Generally, 1n order to minimize detection error, two places
are selected for the pad side (Palx, Paly), (Pa2x, Pa2y), and
two places are selected for the lead side (Lalx, Laly), (La2x,
La2y), as the alignment points from a diagonal line in the
vicinity of the corners of the semiconductor chip 14a4.

Next, when the center point 32a of the cross mark 32 1s
aligned with appropriate positions on the individual pads P
and leads L, typically with points that are located substan-
tially 1n the centers of the respective pads P and leads L; and
then the input switch 1s pressed. Thus, the coordinates of the
respective bonding points are stored 1n the data memory 36.
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In run time processing (i.€., processing during actual
production of the object product), a new semiconductor
device 14 that 1s the object of detection 1s set, and the XY
table 1 is moved by the control of an operating device (not
shown) so that the area in the vicinity of each registered
aligenment point A becomes the visual field of the camera
7 (FIG. 9). An image of the new semiconductor device 14 is
acquired by the camera 7. Then, using the registered refer-
ence 1mage, by way of pattern matching detection, when the
amount of coincidence between the 1image of the object of
detection and the reference 1mage shows a maximum value
and when such an amount of coincidence 1s over the
specified threshold value, 1t 1s judged that a satisfactory
detection 1s obtained; and the reference 1image 1s superim-
posed on the 1mage of the object of detection at their relative
positions, and the amount of positional deviation (AX, AY)
between the position coordinates of the center point 324 1n
this attitude on the XY table 1 and the position coordinates
of the alignment point AQ (which is the position of the center
point 32a at the time of the previous registration of the
template 1image) on the XY table 1, e.g., (Palx, Paly), is
determined. The positional deviation i1s determined likewise
for the remaining alignment points 32a, the calculated
amounts of positional deviation (AX, AY) are added to the
position coordinates of the alignment points measured at the
time of the previous registration of the template 1image, e.g.,
as (Palx+AX, Paly+AY), and the values thus obtained are
designated as new alignment points Am. “Am”™ 1s a symbol,
and “m” referred to here 1s not a numerical value that has a
range.

Next, the positions of the respective pads and leads are
determined by calculation from the positions of the new
aligenment points Am 1n a form that preserves the relative
positions of the respective pads and leads at the time of
registration with respect to the alignment points A0 (here-
after, this is referred to as “position correction”), thus
determining the actual bonding points. Then, bonding opera-
tions are performed on these actual bonding points.

In cases where the semiconductor device 14 that 1s the
object of detection 1s disposed 1n an attitude that includes a
positional deviation in the direction of rotation, the portions
of the 1mage of the object of detection that do not coincide
with the reference 1image increases. As a result, there 1s an
increase 1n the number of cases 1n which the maximum
amount of coincidence 1n the pattern matching detection
using the reference 1mage does not exceed the threshold
value, so that detection 1s judged to be 1mpossible. Ordi-
narily, therefore, a positional deviation of £5° in the direc-
tion of rotation of the object of detection 1s considered to be
the limit.

In order to expand such a maximum allowable range of
the positional deviation of the object of detection in the
direction of rotation, various methods have been proposed.
For 1nstance, 1n Japanese Patent Application Laid-Open
(Kokai) No. 9-102039, a plurality of different types of
rotated 1mages obtained by rotating the reference 1mage by
various angles are prepared 1n advance as template 1mages,
and pattern matching 1s performed between these template
images and an 1mage of the object of detection. However, in
such prior art methods, pattern matching at increments of
several degrees 1n the direction of rotation must be per-
formed for numerous points within the visual field. Thus, the
quantity of calculations required 1s significant large, and the
recognition speed 1s slow. Thus, such methods are imprac-
tical.

Furthermore, positional deviation of the object of detec-
tion 1n the direction of rotation can also cause a drop in the
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precision of detection. The inherent reason for this 1s as
follows: 1f the image of the object of detection and the
reference 1mage are superimposed so that the amount of
coincidence shows a maximum value for the pattern that
serves as a reference (pad P in FIG. 9), then the position of
a new alignment point Am stipulated by the position relative
to the pattern that serves as a reference should coincide with
the position of the original alignment point A0 similarly
stipulated by the position relative to the pad P in the
reference 1mage; however, as shown 1n FIG. 10, 1n cases
where the semiconductor device 14 that constitutes the
object of detection 1s disposed 1n an attitude that includes a
positional deviation in the direction of rotation, even it the
image of the object of detection and the reference 1mage are
superimposed so that the amount of coincidence shows a
maximum value with respect to the pattern that serves as a
reference (the pad P in FIG. 10), the original alignment point
A0 and the new alignment point Am do not coincide.

The error caused by this positional deviation of the object
of detection 1n the direction of rotation 1s not a problem if the
pitch between the pads P or leads L 1s sufficiently large.
However, such error becomes a major problem when it 1s
necessary to handle the increasingly fine pitches seen in
recent years, 1.€., the increasingly fine pitches between pads
P or between leads L.

There are also methods in which numerous small template
images 1n which the 1mage region 1s reduced are prepared 1n
addition to template 1mages of the ordinary size, rough
positions are assigned using these template 1mages of the
ordinary size, and then accurate positions are subsequently
detected using the small template 1mages. In such methods,
however, pattern matching 1s performed using numerous
small template 1images. Thus, the recognition speed 1s slow.

Meanwhile, various methods have also been proposed in
which a mask pattern 1s used to mask unnecessary portions
in the image of the object of detection (especially portions
which are such that the precision of detection 1s caused to
drop when the object of detection is rotated) during pattern
matching (see, for instance, Japanese Patent Application
Laid-Open (Kokai) Nos. 7-21377 and 2-148180). However,
the preparation of this mask pattern 1s performed by hand,
and thus there 1s a demand for some means that make this
process work more efficiently. In this regard, there 1s a
method that automatically produces a mask pattern with a
fixed width so that the edge portions of the pattern that
serves as a reference 1n the 1image of the object of detection
are covered. However, this method has drawbacks. The
detection precision decreases when no positional deviation
1s 1nvolved 1n the direction of rotation.

SUMMARY OF THE INVENTION

Accordingly, the object of the present invention is to
provide an 1mage processing system that realizes high-
precision position detection of the object of detection with-
out performing pattern matching in the direction of rotation
of such an object (which tends to require an excessive
amount of calculation) even in cases where the object of
detection 1s disposed 1n an attitude that includes a positional
deviation 1n 1its direction of rotation.

It 1s still another object of the present invention to provide
an 1mage processing system that produces a mask pattern in
an efficient manner without lowering the precision of detec-
tion.

The above objects are accomplished by a unique structure
for an 1mage processing method that comprises:
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4

a difference value calculation process for calculating a
difference value between a reference image inputted
beforehand and a rotated image obtained by rotating the
reference 1mage, 1n which the difference value 1s cal-
culated for each one a plurality of reference points
within the reference 1mage;

a mask pattern production process for producing a mask
pattern based upon the difference values for the plu-
rality of reference points; and

a position detection process for detecting a position of an
object of detection by pattern matching using an image
of the object of detection obtained by imaging the
object of detection, the reference 1image and the mask
pattern.

In the present application, difference values between the
rotated 1mage and the reference 1image are calculated before-
hand, and a mask pattern 1s produced on the basis of these
difference values. Furthermore, the p051t1011 of the ob]ect of
detection 1s detected by pattern matching using the 1mage of
the object of detection, the reference 1image and the mask
pattern 1n the run time. Accordingly, even 1n cases where the
object of 1maging 1s disposed 1n an attitude that includes a
positional deviation i1n the direction of rotation, a high-
precision position detection 1s realized without performing
pattern matching in the direction of rotation (which tends to
require an excessive amount of calculation) by excluding the
portions of the mask pattern that are susceptible to the effects
of rotation from the object of pattern matching, or by giving
a low weight to the evaluation values for these portions.

Furthermore, 1n the present invention, since the mask
pattern 1mage 1s produced on the basis of difference values
between the rotated image and the reference i1mage, the
regions of the mask pattern 1image can be limited to the
portions arising from the rotation of the object of detection.
As a result, the drop 1n the precision of detection that occurs
when the object of detection imncludes no positional deviation
in the direction of rotation can be limited compared to cases
where a mask pattern of a fixed width 1s used.

Furthermore, 1n the 1mage processing method of the
present invention, the difference value calculation process 1s
performed at relative positions of the rotated 1mage and the
reference 1mage that are located within a specified range
from relative positions of two 1mages at which an amount of
coincidence between the two 1mages shows a maximum
value.

In the above method of the present application, the
difference value calculation process 1s performed within a
specifled range from relative positions of the rotated 1image
and the reference 1mage at which the amount of coincidence
of such two 1mages shows a maximum value. Accordingly,
the effects of rotation of the object of detection on the pattern
matching can be favorably extracted.

In addition, 1n the 1mage processing method of the present
invention,

the difference value calculation process 1s performed for
a plurality of different angles of rotation, and

the mask pattern production process includes a maximum-
value 1mage production step for producing a maximum-
value 1mage that contains absolute values of difference
values that are within a specified range from a maxi-
mum value among the absolute values of the difference
values for the reference points calculated for the plu-
rality of angles of rotation as evaluation values for the
reference points.

In this method, the difference value calculation process 1s

performed for a plurality of different angles of rotation.
Furthermore, 1n the mask pattern production process, a
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maximum-vale 1mage 1s produced which contains the abso-
lute values of difference values that are within a specified
range from the maximum value among the absolute values
of the difference values for the reference points calculated
for the plurality of angles of rotation as evaluation values for
these reference points. Accordingly, if the difference value 1s
large at some angle of rotation for a given position, this
position can be included 1 the mask pattern. Consequently,
it 1s possible to produce a common mask pattern that reflects
difference values across a plurality of angles of rotation; and
the position detection process can be simplified and the
working efficiency can be improved.

Furthermore, in the 1mage processing method of the
present invention, the mask pattern production process may
further includes:

a comparison step that compares respective evaluation
values 1n the maximum-value 1image with a specified
threshold value, and

a selection step that selects reference points that exceed
the threshold value.

In this method, a mask pattern i1s produced by comparing,
the respective evaluation values 1n the maximum-value
image with a specified threshold value and by selecting
reference points that exceed this threshold valve. Thus, a
mask pattern can be obtained easily.

In the 1mage processing method according to the present
invention, the position detection process includes an exclu-
sion processing step that excludes regions which correspond
to the mask pattern 1n the 1mage of the object of detection
from an object of the pattern matching.

Thus, the regions that correspond to the mask pattern in
the 1mage of the object of detection are excluded from the
object of pattern matching in the position detection process.
Accordingly, the calculations that use the mask pattern can
be performed 1n a simple manner.

The above-described objects are further accomplished by
a unique structure for an i1mage processing device that
COMprises:

a difference value calculation means that calculates a
difference value between a reference 1mage imputted
beforehand and a rotated 1mage obtained by rotating the
reference 1mage for a plurality of reference points
within the reference 1mage, in which the difference
value 1s calculated for each one a plurality of reference
points within the reference image,

a mask pattern production means that produces a mask
pattern based upon the difference values for the plu-
rality of reference points, and

a position detection means that detects a position of an
object of detection by pattern matching by way of using
an 1mage of the object of detection obtained by 1imaging
the object of detection, the reference image and the
mask pattern.

In addition, the above-described objects are accomplished
by a unique structure for a bonding apparatus of the present
invention that includes an 1mage processing device that 1s
comprised of:

a difference value calculation means that calculates a
difference value between a reference image inputted
beforehand and a rotated 1mage obtained by rotating the
reference 1mage for a plurality of reference points
within the reference image, in which the difference
value 1s calculated for each one a plurality of reference
points within the reference image,

a mask pattern production means that produces a mask
pattern based upon the difference values for the plu-
rality of reference points, and
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6

a position detection means that detects a position of an
object of detection by pattern matching by way of using,
an 1mage of the object of detection obtained by 1imaging,
the object of detection, the reference image and the
mask pattern.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram that shows the structure of a
bonding apparatus according to one embodiment of the
present 1nvention;

FIG. 2 1s a flow chart that shows one example of the
registration processing of a new semiconductor device;

FIG. 3 1s a flow chart that shows one example of the run
fime processing;

FIG. 4 1s an explanatory diagram that shows the reference
Image;

FIG. 5 1s an explanatory diagram that shows the process
of pattern matching for the rotated image (rotated in the
forward direction);

FIG. 6 1s an explanatory diagram that shows the process
of pattern matching for the rotated image (rotated in the
reverse direction);

FIG. 7 1s an enlarged view of the essential portion that
shows the maximum-value 1image;

FIG. 8 1s an explanatory diagram that shows a conven-
tional alignment point setting process;

FIG. 9 1s an explanatory diagram that shows the process
of pattern matching of the image of the object of detection
and the reference 1mage 1 a conventional method; and

FIG. 10 1s an explanatory diagram that shows the causes
of position detection errors 1n the conventional method.

DETAILED DESCRIPTION OF THE
INVENTION

The present mvention will be described 1n detail by way
of the embodiments with reference to the accompanying
drawings.

In FIG. 1, that shows a wire bonder according to one
embodiment of the present invention, a bonding arm 3 1is
disposed on a bonding head 2 that 1s mounted on an XY table
1, and a tool 4 1s attached to the tip end portion of the
bonding arm 3. The bonding arm 3 1s driven 1n the vertical
direction by a Z-axis motor (not shown). A damper 5 that
holds a wire W 1s disposed above the bonding arm 3. The
lower portion of the wire W 1s passed through the tool 4. The
tool 4 1n this embodiment 1s a capillary.

A camera arm 6 1s attached to the bonding head 2, and a
camera 7 1s fastened to the camera arm 6. The camera 7 takes
the 1mages of a semiconductor device 14 on which a
semiconductor chip 14a and other elements are mounted.
The XY table 1 1s accurately moved in the X direction and
Y direction, which are mutually perpendicular coordinate
ax1s directions in the horizontal plane, by means of XY table
motors (not shown) consisting of two pulse motors, etc.,
installed 1n the vicinity of the XY table 1. The structure
described so far 1s known 1n prior art.

The XY table 1 1s driven, via a motor driving section 30
and the XY table motors, by way of the commands from a
control section 34 that 1s, for instance, a microprocessor. The
images taken by the camera 7 are converted mnto 1image data
that consist of an electrical signal. This 1image data 1is
processed by an 1image processing section 38 and inputted
into a calculation processing section 37 via the control
section 34. Various calculations including calculations
involved in position detection (described later) are per-
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formed 1n the calculation processing section 37, and pro-
orams and data used for such calculations are temporarily
held 1n a control memory 35. A manual input means 33 and
a monitor 39 are connected to the control section 34. The
manual mput means 33 1s preferably at least a pointing
device such as a mouse input device (merely called a
“mouse”), etc., equipped with a direction-indicating func-
fion 1n the X and Y directions and a setting signal input
function based on an input button. The manual 1nput means
33 can be a known keyboard equipped with a character input
function.

The monitor 39 is, for instance, a CRT (cathode ray tube)
or a liquid crystal display device. Images acquired by the
camera 7, associated coordinate values, numerical values
such as magnifications, etc. and various types of character
messages (described later), etc. are displayed on the display
screen of the monitor 39 based upon the output of the control
section 34. In the position detection process, as shown 1n
FIG. 4, cross marks 32 and a rectangular reticle mark 42 are
shown on the display screen. The cross marks 32 indicate the
center of the visual field, and the rectangular reticle mark 42
1s displayed and stored 1n memory as a mark that indicates
a region within the visual field that surrounds the cross
marks 32. The intersection point of the vertical line and
horizontal line 1n the cross marks 32 1s the center point 32a4.

The data memory 36 1s a known random-access memory,
a hard disk drive, etc. that allows the reading and writing of
data. A data library 364 1s accommodated in the storage
region of the data memory 36. Template images (described
later), past values such as detected position coordinates, etc.,
default values which are the initial states of these values, and
various types of setting values used 1n other operations of the
image processing device, are stored 1n this data library 36a.
Various types of data are stored (as will be described later)
by signals from the control section 34.

In the shown embodiment, the registration of alignment
points and respective bonding points, and the storage in
memory of the correction amount, are first performed as
registration processing for a new semiconductor device 14.
Then, the position detection by pattern matching 1s per-
formed as processing in the run time FIG. 2 1s a flow chart
that shows the registration processing for a new semicon-
ductor device 14.

First, the XY table 1 1s driven 1n accordance with the
output of the control section 34, so that the camera 7 1s
moved to the vicinity of the point that 1s to be the 1st
alignment point (S102). After this movement, the image
acquired by the camera 7 1s as shown in FIG. 4.

Next, the position coordinates (Xpl, Ypl) of the center
point 32a of the cross marks 32 1n the moved attitude are
stored 1n the data memory 36 1n accordance with the output
of the control section 34 (S104). In the shown embodiment,
a point that comncides with the center point 32a which 1s the
center point of a visual field that contains pad P 1s used as
the 1 st alienment point Al. However, 1t 1s possible to use
the center point of the pad P as the alignment point.

The semiconductor device 14 1s imaged by the camera 7
in this position; and the 1image data obtained by conversion
into an electrical signal 1s processed by the 1mage processing
section 38 and stored in the data library 36a of the data
memory 36 as a reference image (S106). Within this refer-
ence 1mage, the region surrounded by the reticle mark 42 1s
used as a template 1mage 1n the position detection process
(described later). The image indicated by solid lines in FIG.
4, and the upright images indicated by dotted lines 1n FIGS.
S and 6, are the “reference 1mage”. In the shown embodi-
ment, for the sake of easier understanding, the i1mages
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obtained by way of imaging the upright semiconductor
device 14 are used as the reference 1mages and template
images. However, the semiconductor device 14 1n the ref-
erence 1mages and template 1mages can take any postures.

Next, 1in the calculation processing section 37, processing,
that rotates the reference image by +Q° (degrees) is per-
formed (S108). This rotation is performed about any arbi-
trary center point, for instance, a point that 1s at an upper left
corner (not shown) of the reference image. The image
obtained as a result of such rotation processing will be
referred to below as the “rotated image”. In FIGS. § and 6,
and 1n FIGS. 7 and 8 that will be described later, the 1mages
in an 1nclined attitude shown by solid lines are the reference
Image.

Next, as pattern matching processing of the rotated image
and reference 1mage, the pomnt of maximum coincidence
with the reference 1mage in the rotated 1mage 1s sought by
way of using a normalized correlation calculation (S110).
More specifically, the correlation value R between the
rotated 1mage and reference image that 1s calculated 1n the
following Numerical Expression 1 1s calculated for each
pixel within the region of the rotated image or for the
respective reference points that are disposed 1n a discrete
manner with the region of the rotated image; then, the point
at which the correlation value R shows the maximum value
1s determined as a point of maximum coincidence.

{(NZIM — {ZIZM )
VINZI? — {12 W NEM? — (M)

P Numerical Expression 1

Range of R: -1 =R =1

In this formula, R 1s the correlation value, N 1s the number
of pixels within the rotated image, I 1s the brightness value
at respective positions within the rotated image, and M 1s the
brightness value of the rotated image.

Then, the difference value (absolute value) between the
image of the object of detection and the template 1mage 1s
calculated for the coordinates (X1, Y1) of the point of
maximum coincidence obtained as described above, and this
value 1s stored 1n the data memory 36 as the difference 1image
N1 (%, y). In concrete terms, an inter-image subtraction is
performed between the 1image of the object of detection and
the template 1mage, and absolute value processing (i.c.,
processing which reverses the sign 1n cases where the result
of the inter-image subtraction is negative) is performed on
the result of the inter-image subtraction. Then, a set of
difference images N1 (X, y) which map the absolute values
of the difference values onto the respective coordinates are
prepared. The regions indicated by hatching lines 1n FIG. 5
have values in the difference 1mages N1 (x, y) for these
positions (X1, Y1).

Next, a judgment 1s made as to whether or not the current
angle of rotation 1s within the predetermined range of the
maximum angle of rotation M (S114). When the judgment is
atfirmative, then the processing of steps S108 through S112
is repeated; and difference images Nn (X, y) are stored in the
data memory 36 for, for instance, each of the angles of
rotation 0, +Q and +2Q.

In cases where the current angle of rotation has reached
the maximum angle of rotation M, the angle of rotation is
next reset to 0° (S116); and similar processing is performed
while rotating the reference image —Q° at a time (FIG. 6) in
steps S118 through S124. Thus, for example, difference
images Nn (X, y) are stored in the data memory 36 for each
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of the angles of rotation —Q and -2Q). In cases where the
current angle of rotation 1s less than the predetermined
maximum angle of rotation —M, then the processing shifts to
step S126.

In step S126, maximum-value images A (X, y) are pro-
duced by OR-processing of all of the acquired difference
images for the respective coordinates. More specifically, in
the difference images Nn (x, y) calculated for the angles of
rotation —2Q through +2Q, the maximum values among the
difference values for the respective coordinates are selected,
and a new set of maximum-value image A (x, y) in which
these maximum values are collected for all of the coordi-
nates 1s produced. The regions indicated by hatching lines 1n
FIG. 7 have values in the maximum-value image A (X, y) for
the position (X1, Y1).

Next, for the maximum-value image A (X, y) thus pro-
duced, binarization processing (in other words, processing
that converts the values for points that exceed a threshold
value mto “17, and that converts the values for points that are
below the threshold value into “07) is performed using a
speciflied threshold value. As a result, the maximum-value
image A (X, y) is transformed into binarized image B (X, y)
(S128).

The binarized image thus obtained 1s used as mask pattern
image and is stored in the data memory 36 (S130).

Next, binarized image 1s produced for the 2nd alignment
point A2 (not shown) 1n the same manner as in the process-
ing performed for the 1st alignment point Al (8102 through
S13), and this image is stored in the data memory 36 as mask
pattern image (S132).

Next, a registration of the coordinates of the respective
bonding points is performed (S134). The registration of the
coordinates of these respective bonding points 1s accom-
plished by moving the visual field to appropriate positions
for the individual pads P and leads L (other than the pads P
selected as the 1st alignment point Al and 2nd alignment
point A2), typically to such points that are located substan-
tially at the center of each pad P and lead L, so that the center
point 32a of the cross marks 32 are aligned with these points,
and then by pressing the imnput switch of the manual 1nput
means 33, etc., thus storing the coordinates of the respective
bonding points 1n the data memory 36. Instead of using the
above-described manual mput method, it 1s also possible to
determine points located substantially at the center of each
pad P and lead L by image processing and to store these
coordinate values 1n the data memory 36. The processing
described above 1s performed so as to register a new
semiconductor device 14.

The run time processing 1s performed as shown 1n FIG. 3.

First, a new semiconductor device 14, that 1s the object of
detection, 1s disposed; and the XY table i1s actuated by the
output from the control section 34, thus moving the camera
7 so that the center point of the visual field of the camera 7
coincides with the position (X1, Y1) of the imaging point at
the time of registration of the 1st alignment point (S202).
Then, the 1image of the object of detection 1s obtained by
imaging the semiconductor device 14 (the object of detec-
tion) by the camera 7 from this position.

Next, masking processing i1s performed on the template
image as exclusion processing that excludes regions from
the 1mage of the object of detection, such regions corre-
sponding to the mask pattern (S204). In concrete terms, the
masking process 1s performed by making the data of regions
that have a value of “1” 1n the binarized 1mages invalid with
respect to the template 1mage of the 1st alignment point Al.

Next, the point of maximum coincidence with the tem-
plate 1image 1n the object of detection 1s sought utilizing a
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normalized correlation calculation as pattern matching pro-
cessing between the image of the object of detection and the
template 1mage that 1s been subjected to masking processing
(S206). This calculation is performed using a normalized
correlation equation similar to that of the above-described
Numerical Expression 1; and correlation values R between
the 1mage of the object of detection and the template 1mage
are calculated for each pixel 1n the region of the image of the
object of detection or for each discretely disposed reference
point within the region of the image of the object of
detection. Then, the point where the correlation value R
shows a maximum value 1s sought.

Thereafter, the template 1mage 1s superimposed on the
image of the object of detection at the point of maximum
coincidence thus determined, 1.e., 1n the relative position at
which the amount of coincidence between the 1mage of the
object of detection and the reference 1mage shows a maxi-
mum value. The amount of positional deviation between the
position coordinates of the center point 32a of the cross
marks 32 in this attitude and the coordinates (X1, Y1) of the
imaging point that was the position of the center point of the
cross marks 32 when the reference image was previously
registered 1s determined. This amount 1s stored in the data
memory 36 (S208).

Then, processing similar to that performed for the 1st
alignment point Al 1n steps S202 through S208 1s performed
for the 2nd alignment point A2 (S212 through S216); and the
amount of positional deviation thus obtained 1s stored in the
data memory 36 as the amount of positional deviation of the
alienment point A2 on the new semiconductor device 14
relative to the alignment point on the semiconductor chip
14a at the time of 1imaging.

Next, based upon the coordinates of the respective bond-
ing points previously registered 1n step S126, the positions
of the respective pads P and leads L are determined (position
correction) by calculation from the 1st alignment point Al
and 2nd alignment point A2 on the new semiconductor
device 14 1n a form in which the positions relative to the 1st
alienment point and 2nd alignment point A2 are preserved,
so that the actual bonding points are determined (S218).

Then, bonding operations are performed on these actual
bonding points (S220). In concrete terms, the XY table 1 is
driven by the output from the control section 34 so that the
tool 4 1s moved to the respective actual bonding points, and
bonding 1s performed on these bonding points.

Thus, 1n the above embodiment, difference walues
between the rotated image and the reference image are
calculated beforehand (S112, S122), and a mask pattern
image 1s produced on the basis of these difference values
(5130). Then, in the run time, the position of the object of
detection 1s detected by pattern matching using the image of
the object of detection, the reference 1image and the mask
pattern image (S206, S214). Accordingly, even in cases
where the object of detection 1s disposed 1n an attitude that
includes positional deviation in the direction of rotation, the
portions of the mask pattern 1image that are susceptible to the
effects of rotation are excluded from the object of pattern
matching, and a high-precision position detection can be
accomplished without performing pattern matching in the
direction of rotation, which tends to require an excessive
amount of calculation.

Furthermore, since the drop of the correlation value used
as the amount of coincidence can be inhibited as a result of
the use of a mask pattern 1mage, the frequency with which
detection becomes 1mpossible as a result of a drop of the
correlation value below a specified threshold value can be
reduced, so that the limit on the positional deviation of the
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object of detection in the direction of rotation can be
expanded beyond the conventional £5° region.

In the above embodiment, the mask pattern 1mage 1s
produced on the basis of difference values between the
rotated 1mage and the reference image. Accordingly, the
regions of the mask pattern 1image can be limited to the
portions arising from the rotation of the object of detection.
As a result, the detection precision drop that occurs in cases
where the object of detection includes no positional devia-
tfion 1n the direction of rotation can be limited compared to
cases where a mask pattern of a fixed width 1s used.

Furthermore, since the calculation of the difference values
(S112, S122) 1s performed in relative positions where the
amount of coincidence between the rotated 1mage and the
reference images shows a maximum value (S110, S120), the
elfects of the rotation of the object of detection on the pattern
matching can be extracted in a favorable manner.

In addition, in the above embodiment, the calculation of
difference values 1n steps S112 and S122 1s performed for a
plurality of different angles of rotation (S108, S114, S118
and S124); and in the production of the mask pattern, a
maximum-value image A (X, y), which includes the maxi-
mum values among the absolute values of the difference
values for the reference points calculated for the plurality of
angles of rotation as evaluation values for these reference
points, is created (S126). Accordingly, if the difference value
1s large at some angle of rotation for a given position, this
position can be 1ncluded 1 the mask pattern. Consequently,
a common mask pattern that reflects difference values over
a plurality of angles of rotation can be produced, so that the
position detection process can be simplified, and the work-
ing efliciency improves.

Furthermore, the mask pattern image 1s produced by
comparing the respective difference values 1n the maximum-
value image A (X, y) with a specified threshold value and by
selecting the values that exceed this threshold value (S128).
Accordingly, the mask pattern image can be obtained easily.

In the present embodiment, regions that correspond to the
mask pattern image 1n the image of the object of detection
are excluded from the object of pattern matching by per-
forming masking processing on the template image (S204,
S212). Accordingly, the calculations that use the mask
pattern can be performed 1n a simple manner.

Furthermore, regions that correspond to the mask pattern
image are excluded form the object of pattern matching.
Instead, it 1s also possible to use a structure i which the
regions that correspond to the mask pattern 1mage are given
a lower weight (or importance) in accordance with the size
of the difference values or the size of the maximum values
in the calculation of the amounts of coincidence (that
corresponds to the correlation values 1n the shown embodi-
ment). For example, for each pixel that corresponds to the
mask pattern 1mage, the correlation values can be given a
smaller weight (importance) in stages or 1n a continuous
manner by way of subtracting values that correspond to the
difference values (absolute values) from the correlation
values at the time of pattern matching or by way of dividing
the correlation values by values that correspond to the
difference values (absolute values).

Furthermore, 1n the shown embodiment, the calculation of
the difference values (S112, S122) is performed in relative
positions where the amount of coincidence between the
rotated 1mage and the reference 1mages shows a maximum
value (S110, S120). Instead, it is also possible in the present
invention to use a structure in which the calculation of the
difference values 1s performed 1n relative positions that are
located within a specified range from the relative positions
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where the amount of coincidence between the rotated 1mage
and the reference 1mage shows a maximum value.

Furthermore, a maximum-value image A (X, y) iS pro-
duced (S126) which contains the maximum values among
the absolute values of the difference values calculated for a
plurality of angles of rotation as evaluation values for the
reference points (position coordinates) in question. Instead,
it 15 also possible 1n the present invention to employ values
that are within a specified range from the maximum values
of the absolute values of the difference values and to produce
a mask pattern 1mage 1n this way.

Furthermore, the correlation values are used, 1n the shown
embodiment, as indices for evaluating the amount of coin-
cidence between the reference 1mage and the rotated 1mage
or for evaluating the amount of coincidence between the
reference 1mage and an inputted 1image. However, such 1s a
mere example. In regard to the amount of coincidence
freated 1n the present invention, various other universally
known methods for evaluating the degree of coincidence can
be employed. For example, a method that uses residual
differences can be employed. Furthermore, in cases where
the amount of coincidence between binary 1images 1s evalu-
ated, the count value obtained by a method in which pixels
whose values coincide are counted as 1 (one) and pixels
whose values do not coincide are counted as O (zero) can be
used as the amount of coincidence.

In addition, in the embodiments described above, the
alienment points are calculated with reference to a pad P.
However, 1t 1s not essential that the alignment points be
determined utilizing a pad P. It 1s also possible to utilize
some other pattern, especially the shape of a portion of the
semiconductor chip 14a, a unique arrangement of a plurality
of patterns, or a combination of these, as long as the pattern
used has a detectable unique shape appearing in the semi-
conductor device 14. Furthermore, 1n the respective embodi-
ments described above, the description 1s made mainly for a
process 1n which the bonding points on the pads P are
calculated; however, a similar process can be performed in
the calculation of bonding points on the leads L or on other
members. Also, 1n the respective embodiments described
above, the number of alignment points 1s set at two. How-
ever, the present mvention can also be applied to a system
that uses three or more alignment points.

The present mvention 1s described with reference to a
wire bonding apparatus. However, the present imnvention 1s
widely used for position detection in other types of semi-
conductor manufacturing apparatuses and 1n other appara-
tuses that use pattern matching, and such structures are in the
scope of the present invention.

The invention claimed 1s:

1. An 1mage processing method comprising:

a step of performing a difference value calculation
between a reference 1mage mputted beforehand and a
rotated 1mage obtained by rotating said reference
image, said difference value calculation being executed
for each one of a plurality of reference points within
said reference 1mage,

a step of performing a mask pattern production based
upon difference values for said plurality of reference
points, and then

a step of performing a position detection of an object of
detection by pattern matching using an 1image of said
object of detection obtained by imaging said object of
detection, said reference image and said mask pattern.

2. The 1mage processing method according to claim 1,
wherein said step of performing a difference value calcula-
tion 1s performed at relative positions of said rotated image
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and said reference 1mage that are located within a specified
range from relative positions of two 1mages at which an
amount of coimncidence between said two 1images shows a
maximum value.

3. The 1image processing method according to claim 1 or
2, wherein

said step of performing a difference value calculation 1s
performed for a plurality of different angles of rotation;
and

said step of performing a mask pattern production
includes a maximum-value 1mage production step that
produces a maximum-value 1mage that contains abso-
lute values of difference values that are within a speci-
fied range from a maximum value among said absolute
values of said difference values for said reference
points calculated for said plurality of angles of rotation
as evaluation values for said reference points.

4. The 1image processing method according to claim 3,
wherein said step of performing a mask pattern production
further 1ncludes:

a comparison step that compares respective evaluation
values 1n said maximum-value 1mage with a specified
threshold value, and

a selection step that selects reference points that exceed
said threshold value.

5. The 1mage processing method according to claim 1 or
2, wherein said step of performing a position detection
includes an exclusion step that excludes regions which
correspond to said mask pattern 1n said 1image of said object
of detection from an object of said pattern matching.

6. The 1mage processing method according to claim 3,
wherein said step of performing a position detection
includes an exclusion step that excludes regions which
correspond to said mask pattern 1 said 1image of said object
of detection from an object of said pattern matching.

7. The 1image processing method according to claim 4,
wherein said step of performing a position detection
includes an exclusion step that excludes regions which
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correspond to said mask pattern 1n said image of said object
of detection from an object of said pattern matching.

8. An 1mage processing device comprising:

a difference value calculation means that calculates a
difference value between a reference image mputted
beforehand and a rotated 1mage obtained by rotating
said reference 1mage, said difference value being cal-
culated for each one of a plurality of reference points
within said reference image,

a mask pattern production means that produces a mask
pattern based upon said difference values for said
plurality of reference points, and

a position detection means that detects a position of an
object of detection by pattern matching using an 1mage
of said object of detection obtained by 1maging said
object of detection, said reference image and said mask
pattern.

9. A bonding apparatus provided with an 1mage process-
ing device, wherein said 1image processing device 1s com-
prised of:

a difference value calculation means that calculates a
difference value between a reference image inputted
beforehand and a rotated 1mage obtained by rotating
said reference 1mage for a plurality of reference points
within said reference 1mage, said difference value being
calculated for each one of a plurality of reference points
within said reference image,

a mask pattern production means that produces a mask
pattern based upon said difference values for said
plurality of reference points, and

a position detection means that detects a position of an
object of detection by pattern matching using an image
of said object of detection obtained by 1imaging said
object of detection, said reference image and said mask

pattern.
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